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2 
preSsUre, otitlet 4 of the toaster conrol, valve by 
mealï of pipe 5. The hîgh pressure liqiid ourlet 
.e the màstër contr«l vtve is connêcte  the 
nlè  of trie  rëducing vtve by pip-e 8 whilst a 
 îthC pipe 9 ce.nect e outlet I f ts re-. 
dein vlv  the hydrauc mche, or ex- 
ample.thè preste supply main of one or more. 
hyrulic pesse (ot shown)., e load.ing 
vI6 B comrlse a àatcal. operating 
l0 lne t WhiCh is moved: lgitudinalty and 
ecp rê I saidutlets t2 being additional 
 t¢ C. Valve contlled: pump dischage out-. 
 I» d. sid 10ngiudnal movemet bein 
15 eCd ist a Sprg t constitutin a Pre- 
dee'd Ioad. For th:moving the pluger 
Il the pvessurè liqu is admitted .a space 16 
and it there ac agat a pisn t and a rare 
I$ï the pis being of. substatiaHy' trger area 
20 tC the r òn which, it. is moted for inde- 
pendent relative movement With this range- 
mnt th« rst- part  the pluer's soke is 
effecte: by the pressure' id acting aga!nst the 
cobi.ned, aeas o thé piston I - and the m. t 
25 d hs movem'ent, is uti.sed,  the lIustrated 
e-xmpl».  o to  o the pump cambs, 
The unoaoEn o të last or hrd pump chamber 
i the sevieg i . effe, by th m alone and this 
reqres  . sbsial rise  occur i the 
30 sCe liuid bóe' it Cn ke place ow  the 
much allr ae$ presented .the pressuce iuid 
by t rare than w presented by the combined 
a.e o the pis nd thv am which, was avil- 
b]e' r imparing the flrst part of the úodin 
35 S0-blesthlt-pum boe, 
whe: separte pmps açe unde conrolf . be 
cut a out pi to spDly mke-up liqui  
a hdai¢ sstem,, for examle to counract 
normal, leakge witk  he  ethe tmp chamber o 
e u0adin valve B deribed above eon 
stu: in. part  the shj.ect malter o ö.r Unid 
tsPatent No« 478t3 led Febuàvy 7. ï944» 
 iued<Aug.ust. 9 1949 Th masr 
5 Vve C Wh.ic Wi b proeen,y dcrib con- 
stes   par the subject mtte efour Ce- 
pendng Unid Stes ppcation Së!af o 
522,844> flled February 17,. 19, now Pënt N. 
The maste eontrol valve C. as il-lraê: c 
pioes  iet 19; with whib the oufe  h 
fee commition, thr0ugb e intermëda ë 
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This invention relates-to hydautic:systeiïïs Of 
the kind: in which a continuoùsty rurmi.ng, hlgh 
e mç i useff t suty presë liquig ' 
acte a hydraul.ic pre und'er the cort of 
n aumaticlty erating wlve. 
 ctce ff is round ta a fluctuáti pres« 
s-e ooeurs in the pressée Supply main  the 
press and i-ç  the oject, ofthe resën invention 
 ovcome thts troublWi a. simple, and: rel.ble 
e I improv em accoroElng to th prient 
invention comprise in mbintio a cn.tinu 
osly Ing hfgh-speed u:mp, a aumailly 
operfl uoding valve vr un thê pmp 
chamois when he pressu.re e delive min 
tro v«lve ctate  by te pFessre î th« pmp 
delivm.af te,ppy ïd at lowër preure 
fOr actuaing he u-nloding valve Rd interpos 
betwn the pump deIvëry  te prs o other 
hdraulic machine t«bë aeuted, and  rèducin 
we inrsed i e.man pressure line between 
t ou.tleg [ the mse eontrot alvë and the 
i,eg of he press or gker hydrulie cyliadèr ..... 
T0 enable-the in.vetie  b. undersod and 
¢arried i0 effee . rrnement o 
[o[ng  DctiR[, emdime: of thWimçroved 
m wtH  W  dseribed by aid of the com- 
p an.ying ga.res, in', whfeh::: 
p, ad tre n.loadfg vave,*O cr111ng he 
um oututt 
% 2 i ' stïol v of he mr conol 
I fnooed, bewee, e su.ply pump" and 
he rui,ng vlve. 
g. a i a e{ioal- view o the reducg ValVe 
.elEd ifi e hydralic cîrulç, betW: the 
e Fsm il.tstrtegi.n the" RraW comri 
 hig. speed : ti.-ram geciprea{g pmp A 
oEg- fr c$i-uos run,, a amaibally 
«ergîng-valve  e oig: .e  pump cham- 
r o OEe PUm A hen the preure in  the e- 
Iery main. rhes . predetermed maxi.mm, 
, r * consul valve' C adapd   acuad 
$pl' liqi'R: t a- lewerpressre. ïor actution, of 
e leadt: vlve B» and; a edcig vlve D 
agea so as o:. cenrol the ow o. pressure 
" mgin f i ece e prsurë liqd 
 ' lë ï e" çrsse , iig inle a of. ghe 



liquid thus trapped below the piston 56 is per- 
mitted to escape ai a relatively slow rate by 
leakage between the piston 56 and the side walls 
5 69 of the cylinder fo th e .upper end. of the 
cylinder 69. Suflicient clearance is provided be- 
tween the piston 56 and the cylinder wall 
to permit liquid to escape past the piston 56 so 
that the piston and the plunger 27 will descend 
10 under the influence of the spring 55 af the 
desired rate. 
By means of the arrangement just described, 
the pressure liquid is permitted to act against 
the effective area of the piston 56 equal to the 
15 area of the stem 57. When this pressure 
sulïicient to overcome the resistance oï the spring 
55, the valve plunger 27 is forced upwardiy te 
the position illustrated in Fig. 2. By thus per- 
mitting the pressure liquid ïrom the valve inlet 
20 '8 fo have free access fo the under side of the 
piston 56, the valve plunger .27 is rendered fully 
sensitive fo and is immediately actuated by a 
sudden increase in the pressure of the said liquid. 
By restricting the escape oï the liquid from the 
2 under side of piston 56 as previously described, 
the return movement oï the valve plunger 
and the spring 55 is damped to minimize huning 
caused by increases and decreases of the fluid 
ai the inlet '8 and in the conduits 6 
0 When the plunger 2] is in the raised p6si- 
tion, illustrated in Fig. 2, pressure liquid is ïree 
fo pass to the ourlet  and ai the saine rime 
the relief valve 2 is subject fo ifs pressure. The 
path of the liquid ïrom the inlet 9 to the 
35 ourlet 4 and the relief valve  is throuh the 
annulus 8, radial passage 28, annular gooe 
7, radial hole 59 in the plunger 27, longitudinal 
passage $, radial hole 5, annular groove 
radial passages $, and annular chamber 
The chamber 25 communicates with ourlet 
and relief valve 2 through channels 8! and 
$2 respectively. By suitably setting this relief 
valve if is able fo blow-off ai a predetermined 
pressure below the pressure of the liquid af the 
4 inlet '8. This toaster control valve thus .sup- 
plies fo the unloading valve for ifs operation, 
pressure liquid at any required pressure bel0w 
the delivery pressure in the pump delivery main. 
The example of reducing valve illustrated in 
the accompanying drawing comprises a. pring 
G0 pressed plunger ', shown in the parlyrased 
position, having a reduced portion !« in .its 
length which, when the plunger is in thê 
lowered position .bridges passages 65 and 7 con- 
G necting the inlet 7 and ourlet !9. A space 
at the bottom of the plunger is in-open com- 
munication through bores 7,, 7 and 73 with 
the pressure inlet 7. A counterbore 79 is pro- 
vided through which bores 7, and 7 areinte- 
69 connected. When this liquid which presses up- 
wardly on the lower end of plunger  ! attais 
a pressure suflicient fo overcome the downward 
pressure of the spring pressed plunger said 
plunger is forced upwards fo isolate the inlet 
6 7 from the ourlet ! and fo open. the inlet te 
exhaust. The exhaust fluid flows through pas- 
sage 6, the annular space 7 between the re- 
duced portion « of the plunger ! and the 
cy]indrical opening 75 in which the plunger re 
79 ciprocates, the radial outlets 76 and. the cirçular 
clearance space 77 between the lower spring 
seat 78 and the inside diarneter .9 of the upper 
casing 9!, into the encl0sed space $2 çf h e 
upper casing 6,. From _ths spc the exhau.s 
7 fluid is ïree to pass a.r.ound:he upper 

annula chambers 9 and 5 is a bore 6 ïor ïrom the 1owe end oï the clinde 69. Tè 

the reception, in a close sliding fit, of a valve 
plunger 27. The annular chambers 29 and 25 
are in communication with the interior of the 
bore 26 by means of two sers of radial passages, 
one set 9 connecting the bore with the lower 
annular chamber 29 and the other set 8 con- 
necting the bore with the upper annular chamber 
5. A further set of radial passages 8 is pro- 
vided to connect the chamber 5 with the bore 
ai a point above the set of passages  fo con- 
nect the chamber 5 with the exhaust ourlet 
2 when the valve plunger is in its lower po- 
sition. In passing from the chamber 25 to the 
exhaust ourlet  the flnid goes through passages 
9, the upper end of bore , space , the duct 
!, the circular passage 2 around the cylinder 
4 of the pressure relief valve , and the con- 
duit 45. 
Annular groove 46 and 47 are cut in the 
exterior surface of the valve plunger 27 so as 
fo encircle the same. These grooves are spaced 
longitudinally a distance equivalent fo the dis- 
tance between the centers of the sers oï radial 
passages 2 and  with which they are adapted 
fo register when the valve plunger is in the 
raised or open position shown in Fig. 2. The 
grooves 49 and 47 communicate with a longi- 
tudinal passage  within the interior of the 
valve plunger 7 by means of radial holes 59 and 
5!. By this means a passage for liquid is pro- 
vided between the annular chambers 29 and 2 
when the valve plunger is in the raised position 
and said chambers are isolated from each other 
when the valve plunger is in the lowered po- 
sition. Because oï the symmetrical location of 
the fluid chambers the plunger -7 is always in 
hydraulic balance laterally. 
Af opposite ends of the valve plunger 27 are 
spaces  and 52 which are always in free com- 
munication with the exhaust ourlet 2. The 
communication passage for space  is through 
the duct ', the circular passage , and the 
conduit 5. The conduit 5 form a communi- 
cation passage between space 52 and exhaust 
ourlet . If is apparent that the interconnec- 
tion of the spaces 4 and 5 with the exhust 
ourlet  will produce equal pressures in the 
spaces, thereby tending fo place the plunger 7 
in hydraulic balance longitudinally. The space 
4 is closed ai the upper end by a suitable pack- 
ing 39. 
Lu Fig. 2 the valve plunger 27 is shown in the 
raised position and passing liquid af a prede- 
terrained pressure from the pump to the auxiliary 
apparatus. The movement of the plunger fo 
the raised position is effected against the spring 
55 by pressure liquid acting upon the lower or 
full pressure side of piston 59. The piston stem 
57 enters the space 52 and abuts against the 
lower end 59 of the valve plunger 27. 
The pressure liquid which acts against the 
under side of the piston 56 is supplied through 
the one-way valve 2 ! from the annular chamber 
29. This pressure liquid is routed fo both sides 
of the piston 56 in the cylinder 69 in which 
the piston reciprocates. Conduits 6! and 62 
carry fluid fo the upper end of the piston 56 
and conduits 6! and 64 channel fluid fo the 
lower end of the' piston 56. A non-return valve 
66 is positioned in the conduit 64 to pass liquid 
freely fo the under side of the piston 56. When 
pressure in the conduit 6! falls, the influence 
oï. the spring 67 will cause the valve 66. fo close 
automaticallY and preven liquid from escaping 



seatl $4 and out  the exhaust nipple $5: and ex- 
haUst line $6. When the pressure bas dropped 
sufficiently theplunger moves downaz under 
influence of spring 
cation between the afresaid:inlet 7 and outle 
0.. Some of the fluid in. the Spee:32. below 
the plger 3 is splaced by the downward 
movement of the plunge ). This fluid flows 
ba¢k through thë hors 73, 72, and 7 to the 
inlet 7 where it travels through the valve along 
with additional uid entering through inlet 7. 
Dy. ths meas the Pressure of: the liqd ping 
out through the ourlet  i$ maintained sub- 
stantially constnt. It is evidentthat the pres- 
sure to whiCh the liquid at the outlet  is re- 
duced is deterned by the pressure reqrefl 
 raise the ptunger 31 against the spring 87. 
s lar pressure and hencethe ourlet pres 
sre may be adjusted by means:of the adjusting 
screw 8 provided in-.the upper end of the casing 
$ . is screw detenes the position o the 
upr spring seat 8to rega the residual 
pressure of'the spring $ on theplunger $. Ad- 
justment of the screw dermines the max 
pressée that may be delivered -to the hydraulic 
machine, through- pipe A: suiable protective 
cap $ is:provided.for coveri the upper end 
of the screw 85. 
We claire: 
1. A hydraulic system comprising, in combi- 
nation, a fluid motor, a continuously rung 
pp ïor supplng fld under pressée, means 
foming a supply passage interconnecting said 
pump and said motor to conduct fluid under 
pressure ïrom said pp to said motor ïor actu- 
ating said motor, a plurality oï pump chambers 
in said pump in coucation with said supply 
passage, an unloading valve associated with said 
pp chambers ïor controlling the output of 
said pp by unloading at least one of said 
chambers in respoe to a predeermined fluid 
pressure, a pressure resPonsive toaster control 
valve interposed in said supply passage, said 
toaster control valve constituting means operable 
upon attaient oï a predetermined pressure 
in said supply passage ïor OEverting floEd ai less 
than the maximum pp discharge pressure 
ïrom said supply passage to said uoading valve 
ïor actuating said loading valve to control 
the output oï said pump, and a pressure re- 
ducing valve interposed in said supply passage 
between said toaster control valve and said fld 
motor. 
2. A hydraulic system of the Mnd specifled, 
comprising in combination with a hydraulic 
motor, a high speed multi-ram pump having 
plal chambers and adapted to r contin- 
uously ïor supplying liquid ïor actuating said 
hydraulic motor, a mn pressure line intercon- 
necting said pump chbers and said hydraulic 
mor, an automatically operating uoading 
valve for uoading the respective pp ch- 
bers when the pressure in said main pressure 
line thereïor reaches a predetermined magma, 
said unloading valve being operable to unload 
at least one of the pp chambers at different 
rime relation with respect to the others and 
under OEfferent pressure values, a toaster control 
valve actuated by the pressure in the pp 
delive main, sd control valve constitutg 
means for diverting liqd to said unloang 
valve at a lower pressure than the maxim 
pump delivery pressée ïor tuating the un- 
loang valve, said masr control valve being 
inteosed in said a pressure line between 

the pump del!very and the hydraui.ïc, motoï 
be actuated, and a pressure reducing :valve 
terposed in said main pressure:line between the 
master control .valve and the hydraulic motor. 
5 3. A hydraulic system of the kind specifled, 
comprising in' combination with a hydrullc 
motor, a pump having a plurality of chambers 
and adapted: to run continuously for supplying. 
liquid for actuating said hydraulic motor, ï 
10 live:y main interconnecting .said hydraulic motor 
and said pump, .an: automatieally operating un- 
loading valve for unloading said respecti.ve 
pump. chambers When the pressure in said:de- 
livery main therefor reaches a predetermined 
15 maximum, said unloading'va-lve being operable 
to unload at least one of.said pump chambers. 
at different tirne relation with respect 'to .the 
others and under different pressure vatues, a 
control va).ve actuated by the pressure in the 
20 pump delivery main to divert liquid from said 
delivery main to sald unloading valve fòr actu- 
ating said unloading valve, said còntrolva.lve 
being interposed in' th e delivery main between 
the pump delivery and the hydrautic motor fo 
25 be actuated, and:a Prbssure reduclng vlve in 
terposed in the delfvery main between the con- 
trol valve andthe hydratdic motor. 
4. A fluid system comprising in combination, 
a fluid motor, a fluid pump ïor supplying actu- 
30 ating fluid to said motor, a plurality of cham- 
bers in said pump, means defining a fluid pas- 
sageway between said chambers and said motor, 
an unloading valve having exhaust ports cor- 
responding in number to the number of sald 
35 charabers, said exhaust ports being paired with 
said chambers with each port communicating 
with a single chamber, a control member as- 
sociated with said exhaust ports for controlling 
Said pump by unloading any number of said 
40 chambers, a pressure responsive control valve In- 
terposed in said fluid passageway, said control 
valve constituting means for diverting fluld from 
said passageway to said control member for con- 
trolling said pump, and a pressure reducing valve 
45 interposed in said fluid passageway between said 
control valve and said fluid motor. 
5. A hydraulic system comprising, in combi- 
nation, a continuously running pump for sup- 
plying fluid under pressure to a fluid motor, 
50 means defining a supply passage for conducting 
fluid under pressure from said pump for de- 
livery to said motor, said pump having a plu- 
rality of pump chambers in delivery communi- 
cation ,with said passage, an unloading valve 
55 associated with said pump chambers and op- 
erable nonnally to maintain said pump cham- 
bers loaded and operable in response to t pre- 
determined rising pressure gradient successively 
to unload said charabers whereby to control the 
60 output of said pump, a toaster control valve 
interposed in said supply passage and having 
a fluid diverting ourlet and being responsive to 
the pressure in said passage to divert fluid from 
said passage to said outlet upon the attainment 
65 of pressure above a predetermined pressure in 
said supply passage, and a control passage 
terconnecting said ourlet and said unloading 
valve for transmitting the pressure of diverted 
fluid to act on said unloading valve, said control 
70 valve also being operable to relieve the pressure 
in said control passage upon a drop in pressure 
in said supply passage below said predetermined 
pressure. 
6. A hydraulic systera or supplying fluid 
7t| under pressure to a hydraullc rnotor, comprtIng, 



7 
in combination» a hydraulic pump having a 
plurality of pump chambers and a delivery out- 
let, a supply passage for conducting fluid from 
said outlet and adapted for connection to said 
motor, an unloading valve associated with said 
pump chamber and having pressure responsive 
control means operable to unload at least one 
of said chambers upon being subjected to a flrst 
predetermined elevated pressure and to unload 
said one and still another of said chambers upon 
being subjected to a higher second predetermined 
pressure and operable to effect loading of said 
chambers in reverse order upon being subjected 
to pressures dropping progressively below said 
predetermined pressures, means deflning a con- 
trol passage connected to said unloading valve 
to transmit prçssur e to said control means, and 
a toaster control valve interposed in said supply 
passage, said control valve permitting the flow 
of fluid past-it through said supply passage and 
having means defining a diverting passage.Con- 
nectgd to said control passage and control means 
normally tending to close said diverting passage 
and responsive to the pressure in said supply 
passage to open said diverting passage upon the 
attainment of a third predetermined pressure 
in said supply passage and successively to close 

sald dlverting passage and vent said conrol 
sage to exhaust upon a progressive drop in pres- 
sure below said .third predetermined pressure. 
7. A hydraulic system :according .to claire 6 
5 including a pressure reducing valve interposed 
in said supply passage at the downstream side 
of said control valve. 
JOHN M_AUICE TOWLER. 
FRANK HATHORN TOWLER. 
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